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Abstract 
This study is an attempt to explore the benefit and cost of ‘speed’ on the performance of High Speed Rail. The 
discussion is put in the context of multimodal transportation system. Physical intuition leads us to suspect that 
operating cost increases nonlinearly with speed. However, the scenario is way more complicated in engineering 
operation. The revealed result suggests that the nonlinear increase in cost is most significant when operating 
maximum speed exceeds the 200 kph threshold. It also suggests that the efficiency gain from increased speed has the 
potential to compensate the increased cost requirement.  
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).  
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1. Introduction 
The current debate regarding High Speed Rail (HSR) remains vivid as many countries face decisions 
regarding the design and deployment of this technology. By taking a closer look at the content of the 
debate, it can be seen that although the topics of discussion are similar around the globe, major 
differences exist in how the termHigh Speed is defined. The limits of “High Speed” range from 145 kphin 
the United States; to between 200 and 250 kph depending on the state of the rail tracks, as per the 
definition of International Union of Railways (UIC); and up to the 270 kph by Nozomi or even the 400 
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kph by Velaro. This ambiguity leads  to the question: to what extent will speed quantitatively, or 
qualitatively affect system performance and cost? Addressing this question is essential in order to inform 
policy making and technology choices in high-speed ground transportation. 
It is almost intuitive to expect that the introduction of a new rail line with an operating speed 
exceeding 200 kph where no rail service exists previously would result in a quantum enhancement of a 
regional transportation network and a significant transformation of the mobility. On the other hand, it may 
not be hard to agree that bringing the speed of an existing line from 150 kph to 250 kph, or 250 kph to 
350 kph would not be as transformative.  Today’s debate on HSR in the U.S. (notably in California) 
focuses on the first question; while elsewhere (Europe, China, etc.) ittends to focus on the latter.  
In the research described in this paper we put this discussion in the context of a multimodal 
transportation system, because the availability of accessing modes and intermodal connectivity are critical 
to capturing the benefits of “speed”. In this study we focus on the implication of speed on the supply side 
by looking at the relation between speed and performance and cost. 
Speed gives rise to variation in terms of travel time, infrastructure requirements,environmental impacts, 
energy consumption and regulatory needs. From the engineering perspective a higher speed will require 
higher resource consumption per ton-km. moved, but the improved operational efficiency it offersmay 
result in a lowering of the total average cost per unit of transportation output. Furthermore, the newer 
technologies usually associated with HSR may inherently result in lower cost components such as 
maintenance. Take maintenance cost for example, by running faster trains more frequently, one may 
expect the maintenance cost to increase due to the increased wear and tear on the trains and track. 
Additional maintenance may be necessary as well in order to keep the track in better conditions to be able 
to operate at high speeds. On the other handthe newer technology associated with HSR may require less 
maintenance than the conventional rail systems because older age of technologies in these. These 
possibilities remain open and subject to empirical investigation, which is the purpose of the research 
presented here. TO put it in economic terms, we wish to obtain a better understanding of the marginal 
cost and marginal returns of speed and whether there exist economies or diseconomies of speed in rail 
operation.  
The paperdevelops as following: A literature review is conducted in section 2. In the third section, we 
review a range of definitions that relates to the term “speed” and discuss qualitatively the role the speed 
of a major link plays in a multimodal transportation alternative. In the forth section, we provide a 
quantitative comparison of the operating cost of selected rail operators around the World. , Using data 
from the UIC’s International Railway Statistics for 2009,the comparison provides an illustration of the 
variation in cost structure and components among different rail systems including HSR and conventional 
networks. A brief econometric analysis is also presented at the end of section 4. Section 5 provides a 
conclusion and potential future work. 
2. Literature review 
The literature discussing the relationship between the speed of rail operations and the corresponding 
cost is limited. Several studies have addressed the cost of maintaining and operating HSR lines, without 
speed as a decision variable.  
Levinson and Kanafani (Levison and Kanafani, 1997) developed an engineering cost model that 
evaluated the cost of HSR for the proposed Los Angeles to San Francisco corridor in California, and 
found that HSR was a more expensive option than air and highway due to infrastructure cost. The 
analysis of high-speed rail operation of the Europe (Gines de Rus Edited, 2009) explored high-speed rail 
economically by evaluating the various costs associated with different lines around the world.  
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Ginovi (Givoni, 2006) also provided a thorough overview of information about high-speed rail systems 
and the effects speed may have on the implications of HSR. The paper also explored the cost of 
high-speed rail. The Special Report of TRB on HSR provided a summary of the high speed ground 
transportation options for the United States including HSR systems similar to those that were operating in 
Europe and Japan at that time as well as maglev options. The report discussed the various components 
involved in the cost to build a new HSR line including the right-of-way and lane acquisition costs, the 
track structure and guide way construction, the vehicles and rolling stock, and several other smaller 
components.  
The recent effort of the Union International des Chemins de Fer (High Speed Committee) and the 
Fundación de los FerrocarrilesEspañoles (FFE, Spanish Railway Foundation) on “Relationship between 
Rail Service and Operating Direct Costs and Speed” explored the "Operating costs on High Speed Trains”. 
It also concluded that, in addition to the “economy of distance”, ”economy of size “of a train, there is also 
economy of speed. However, the cost function is only in the concern of one particular train type, and 
systematic cost is not taken into account either. 
3. Theoretical framework 
The speed of rail lines is used throughout the paper as an explanatory variable for cost analysis. Due to 
the aggregate nature of available country data the speed is a calculated average based on the maximum 
operating speed of rail lines within the country. This average maximum operating speed is used as a way 
of accounting for the different scales of high-speed projects in operation in various countries and to help 
us realize the differences in costs associated with these different speeds. 
To develop an analytical framework for the analysis, we want to introduce the trip configuration we 
will utilize. For a typical traveler a rail trip is has three components: access, line-haul traveling, and 
egress. The relation between the speeds in these various components and the journey speed is illustrated 
in Fig. 2 where the three potions are shown as OA, AB, and BD, respectively.   
g It is also important to distinguish between the following types of speed involved: 
gDesign Maximum Speed (vd): the speed of vehicle when it is operating at its full design speed 
Fig. 1  Network illustration 
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Fig. 2. Speed profile illustration 
gDesign Block Speed (vb): the average speed of the line-haul potion. The difference between block 
speed and maximum speed is mainly due to the acceleration and deceleration processes.  Stopping time 
is also considered if it is not a non-stop trip.  
gAverage Operating Speed (va): due to uncertainties, reliability and unexpected events during 
traveling, the travel speed may vary between trials. If we take these issues into concern and record the 
operating speed during practice, the average operating speed will be different from the design block speed. 
The difference should be taken into concern in the measure of performance; 
gAverage Trip Speed (vt): the speed from O to D, inversely proportional to the total travel time, 
accounting for the access time to and from the rail terminus.  
The speed of interest here is the line-haul speed, which is the decision variable in technology choice 
for high speed rail systems. The performance measure affecting demand and feasibility analysis is 
average trip speed. The relation between the two is illustrated by looking at the speed profile of a rail 
journey.  This profile is shown in Fig. 2. The amount of time it takes to reach the full speed varies with 
acceleration rate. The acceleration and deceleration rate is limited due to technological and passenger 
comfort concern. The vehicle cannot be working at full travel speed throughout the trip, and therefore, the 
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block speed is always relatively lower than the design full speed, even in non-stop traveling. 
By assuming a fixed acceleration rate a, the block speed is given by  
Vb  
LAB
LAB
vd

vd
a
 
vd
1 vd
2
LAB a
 
LABvd
LABa  vd
2                                    (1)

where LAB is the line-haul travel distance between A and B. In the case of indirect services, if the number 
of stops is given by n, within constant stopping time ts, the block speed can be expressed as 
   (2) 
Average trip speed. Trip profile: it should be intuitive that the larger the proportion line-haul distance 
out of the overall travel distance, the larger is the gain in level of performance due to increased travel 
speed, and vice versa. As the access and egress speeds are not part of our decision variables, we can 
assume it is given by vOA and vBD. From our configuration, LOA and LBD represent the access and egress 
travel distances respectively. Assume the intermodal transfer and waiting time at A to be tA, and tB at B. 
then the travel time cost other than line-haul is 
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The total travel time will be 
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Thus, the trip average speed  
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4. Data analysis 
The primary source of data of this project was the UIC’s International Railway Statistics for 2009. The 
publication presented data for each country, separated into data about each company (railway operator or 
infrastructure manager). For countries with multiple railway operators or infrastructure managers, data 
was aggregated for the entire country. In cases which data was missing for a particular operator or 
infrastructure manager, corresponding data for that country was adjusted based on the passenger 
kilometers to account for this omission when possible and removed from the data set when this was not 
possible.  
The source presented very limited data on HSR only operators. The operation cost of HSR is not 
separated from the overall cost of the company. As a result, the analysis looked at nation-wide averages 
based on the proportion of high-speed. 
In order to examine the effect of speed,we calculated thedesign maximum speed (also referred to as 
maximum operating speed later) for each country. First, by comparing the design maximum speeds and 
block operating speed recorded in some stylized facts about high-speed rail. The ratio of maximum 
operating speed to maximum speed was found to be roughly 0.85 for lines with a maximum speed below 
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250 km/h. Secondly, the operating speed for conventional rail lines was determined using timetables for 
each country on long non-stop trip segments. The distance divided by the travel time produced the block 
speed. The design maximum speed was then calculated using the ratio found in Fig3. Each observed 
operating speed was multiplied by a factor of (1/0.85) to obtain an estimate for the maximum design 
speed for conventional rail in that particular country.  
Fig. 3. Ratio of maximum operating speed to maximum design speed for select routes in Europe
The operating speed of each particular country is calculated as the weighted (by output) average of the 
design maximum speed of HSR and conventional rail. The maximum design speed of high speed rail lines 
was obtained from the UIC International Railway Statistics for 2009. The average speed weighted by 
train kilometers was used in analysis involving supply (train kilometers), and the average speed weighted 
by passenger kilometers was used in analysis involving demand. This weighted average speed will be 
used as the indicator of the particular country. 
Cost structure. A breakdown of the total cost of each rail company was used to draw economic 
comparisons among the different countries. The data presented the overall operating cost, in the standard 
currency of Euros, for every country along with a detailed breakdown showing how much was spent on 
labor costs (including staff salaries), maintenance expenses, taxes, and other miscellaneous expenses.  
The maintenance cost reflects the total amount companies spent on maintenance for the trains and 
track as well as all other external costs involved with outsourcing, rental costs, advertising, etc. Because 
operating trains at higher speeds would require tracks to be better maintained, we expect that this cost will 
increase as the speed increase. 
The labor cost refers to the total amount companies spend on their employees, including salaries, 
benefits, and social security. Because high-speed rail companies are able to achieve greater productivity 
in terms of train-kilometers or passenger-kilometers by operating trains at higher speeds, we expect that 
the average labor cost of countries with high-speed rail would be lower than that of countries with only 
conventional rail. 
The train-kilometers for each country provide the total number of train-kilometers completed by trains 
in all companies for each country. It is useful for measuring the cost per supply since the trains run with 
varying loads, not providing a clear representation of demand. 
The number of passenger-kilometers traveled on each rail company indicates the demand for that rail 
service. For the purpose of this study, the total passenger-kilometers for each country was used as an 
indicator of demand and is useful in determining the average cost per demand, which is important for 
comparing operating costs of countries of different scale. The total passenger-kilometers for each country 
was derived by combining the passenger kilometers given for railway in the UIC’s Railway Time-Series 
Data for 2009. Data conveying the total passenger kilometers for high speed lines only was presented in 
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the International Railway Statistics for 2009. 
The number of gross ton-kilometers hauled by trains was given for each railway. It is used throughout 
this analysis as an indicator for the supply of rail as it refers to the gross tonnage carried by the trains, 
including the weight of empty trains, multiplied by the number of kilometers the train travels. 
Challenges arose because the cost data was presented for entire companies with no specification as to 
what proportion of these costs were devoted to passenger transport and freight transport. While passenger 
demand was provided as passenger-kilometers, no similar indicator was given for freight demand. 
Therefore, a regression analysis was performed between the passenger ton-kilometers and the 
passenger-kilometers for each country. The coefficient for this model was found to be 1.72, and the 
intercept was not significant. Using the results of this regression analysis, the freight ton-kilometers were 
transformed into the same units of demand as passenger-kilometers by dividing the ton-kilometers by 
1.72. Therefore, the total demand of passenger and freight rail was available for drawing economic 
comparisons among countries with varying speeds. 
5. Results  
By examining the breakdown of expenses among countries with varying operating speeds, a 
relationship between each of these costs and speed is obtained. A closer look at individual expense 
component provides information about how higher speeds may increase or reduce these specific expenses. 
For all of the cost analysis, an average cost is used to account for varying supply and demand across 
different countries. In addition to the total operating cost, the maintenance cost, labor cost, and energy 
consumption is examined. (Country code is in the appendix) 
5.1. Total operating cost 
In order to begin examining the relationship between the operating cost and speed, we did an initial 
plot of the total operating cost per train-kilometer against the maximum operating speed (weighted by 
train-kilometers), shown in Fig4. The total operating cost per train-kilometer was used as an indicator of 
how operating cost changed in relation to the supply of rail operations among different countries. This 
indicator accounts for all train-kilometers operated, including those performed by empty trains. 
As Fig. 4 shows, there appears to be a non-increasing trend when HSR and conventional are 
considered separately. However, the countries with HSR do show an overall total operating cost per 
train-kilometer that is higher than that of countries with only conventional rail.  
Fig. 4. Total operating cost per train-km  
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Fig. 5. Total operating cost per total demand 
As shown in Fig. 5, the countries with HSR still exhibit generally higher costs than those with 
conventional rail. However, with this presentation of the cost, the European countries with HSR show 
higher costs than Japan and South Korea. Reasoning behind this phenomenon will be explored in the 
remainder of this paper. 
In addition, Hungary shows extremely high operating cost per passenger kilometer. Fig. 4 shows that 
Hungary did not exhibit costs differing greatly from the other conventional rail countries, leading to the 
assumption that the relationship seen in Fig. 5 arises due to a lower demand for rail service within the 
country. This will be explored by looking at the load factor of trains in each country. 
5.2. Total maintenance cost  
In an attempt to determine what impact maintenance cost has on the operating cost per train-kilometer 
for countries with high speed rail, the total maintenance cost per train-kilometer was plotted against the 
maximum operating speed, weighted by train-kilometers. We want to observe whether higher speeds 
require higher maintenance costs that might be associated with the increased use of the track and trains or 
lower maintenance costs that might be due to the newer technology used in high speed systems.  
Figure 6 shows that the maintenance cost per train-kilometer does appear to be higher for countries 
with HSR than for those with only conventional rail. Among the countries with HSR, the maintenance 
cost per train-kilometer does increase with speed across those countries with HSR. However, there is no 
defined trend relating maintenance cost and speed within the countries with only conventional rail.  
Fig. 6. Maintenance cost per train-kilometer 
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Fig. 7. Maintenance cost per passenger-kilometer 
When the relationship among maintenance cost per total demand was plotted, there does appear to be 
an increasing trend showing an increase in speed within both the conventional rail countries and those 
with high speed rail as well, shown in Fig. 7. Japan is not included in this portion of the analysis because 
a breakdown of costs was not available. Similar to the results found with the total cost calculations, 
Hungary exhibits extraordinarily high maintenance cost per passenger-kilometer but only what appears to 
be normal maintenance cost per train-kilometer when compared to other conventional rail countries.  
It is important to note that the increasing trend exhibited among conventional rail countries would not 
be well defined with the omission of Bosnia, Morocco, and Latvia. Because these countries operate very 
differently and with different standards than the other European and Asian countries shown, it is difficult 
to draw conclusions concerning the effect of speed among these differing countries. Many other factors 
that are not observed with these analyses could be factors in the trend shown.  
As shown in both Figs. 6 and 7, the maintenance cost of rail systems incurred by countries with HSR is 
higher than that of countries without HSR. It also appears that the maintenance cost does increase with 
increasing speed for those countries operating HSR. However, there appears to be little significant 
maintenance cost increases associated with higher conventional speed before crossing the HSR threshold.  
5.3. Total labor cost 
The labor component is expected to be where the HSR companies are able to save expenses because 
operating high-speed trains does not require sufficiently more employees but is expected to yield higher 
passenger-kilometers, indicating that employees are more productive than those working for conventional 
rail companies. 
As shown in the Fig. 8, there does not appear to be an overall clear relationship between speed and 
labor cost per train-kilometer. Within the HSR countries there is a decreasing trend indicating that the 
labor cost per train-kilometer appears to decrease as the speed increases. However, this trend is only 
among three countries, with Belgium exhibiting a labor cost much higher than all other countries. As will 
be explored further in following sections, Belgium spends more on its employees partially because the 
productivity of employees is lower, likely due to restrictions on the number of hours that can be worked. 
By excluding Belgium from the observations, the decreasing trend is not well justified by the figure. 
Within the conventional rail only countries, there appears to be a very slight decrease in average labor 
costs with increasing speed. 
As was done with total operating cost and maintenance cost, the labor cost of each country is first 
compared among countries using the speed weighted by train-kilometers as a metric. Due to the data 
701 Adib Kanafani et al. /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  692 – 708 
limitations resulting from using train-kilometers, a comparison is also completed using the operating 
speed, weighted by passenger-kilometers rather than train-kilometers. This allows additional HSR 
countries to be included that were missing train-kilometers data. There is no change in the operating 
speed used for conventional rail countries since these speeds are obtained simply from the time tables, 
and no weighting of speeds was necessary. This metric shows the labor cost as a function of the number 
of passengers carried rather than the number of trains operated. Therefore, it reflects the amount different 
countries spend on labor as a function of demand rather than supply.  
Fig. 8. Labor cost per train-kilometer 
Fig. 9. Labor cost per passenger-kilometer 
Figure 9 shows that the higher the speeds are within HSR countries, the lower the average cost of labor 
is within the country. However, there is no defined relationship among the countries with conventional 
rail. The average labor cost of countries with HSR is generally higher than that of countries without HSR. 
Since the labor cost does appear to exhibit economies of speed within the high speed rail countries 
(indicating that the increased productivity associated with higher speeds lowers the average labor cost), 
one possible explanation for the higher average labor cost when compared to the conventional rail 
countries is that high speed rail countries pay employees better than conventional rail countries.  
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5.4. Productivity 
As expected, there is an increasing trend showing that the productivity of employees increases as the 
speed increases, depicted in Fig. 10. Intuitively, this is quite reasonable because running trains at higher 
speeds allows them to run more often. By running trains more frequently, productivity is increased 
because more passengers are carried during the same amount of time and using only the same labor 
resources required to operate trains at a lower frequency. 
Fig. 10. Productivity of employees
Fig. 11. Load factor of trains (speed weighted by train-km)  
5.5. Load factor 
The load factor of each country describes how many passengers trains carry on average. Therefore, the 
load factor for each country is obtained by dividing the number of passenger-kilometers by the number of 
train-kilometers. Fig. 11 presents the load factor for each country versus the maximum operating speed, 
weighted by train-kilometers in each country. As shown in this graph, the high speed rail countries exhibit 
generally higher loads than conventional rail countries, with a few exceptions. Cameroon, Morocco, and 
Turkey are all conventional rail countries that exhibit very high loads. These differences in load factors 
when compared to the other European countries with conventional rail are likely due to differences in 
703 Adib Kanafani et al. /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  692 – 708 
operating and safety standards that regulate how European countries operate. The other exception is 
Germany, a high speed rail country with a comparatively low load factor. Although Germany does not 
have a load factor noticeably higher than those of conventional rail countries, the average load on German 
trains is comparable to the highest loads within conventional rail countries, indicating that countries with 
high speed rail do still show loads that are generally comparable or higher to the largest loads of 
conventional rail countries.  
5.6. Wage 
The amount different countries spend on labor depends not only upon the productivity of employees 
but also upon the amount employees are paid. Countries that pay employees higher salaries and benefits 
should have higher labor costs per demand or supply. By dividing the amount each country spends on 
labor (including salary, benefits, etc.) by the number of employees working for all the rail companies in 
that country, the average wage for employees was calculated. Fig. 12 shows the average wage of each 
country compared to the maximum operating speed of each country, weighted by the number of 
passenger-kilometers for those countries with HSR. As shown by the figure, countries with high speed 
rail pay on average a higher wage than the conventional rail countries, supporting the hypothesis for why 
average labor costs in high speed rail countries are higher than those of conventional rail countries.  
Among the countries with HSR, there appears to be a slight decreasing trend between wage and speed. 
Belgium has the highest wage, likely due to the labor unions with the country governing the rights of the 
workers. The Netherlands also has an extremely high calculated average wage for the country, almost 
twice as high as the highest wage among all other countries. This outlier cannot obviously be attributed to 
anything and therefore leads us to question the source of the data. It is also worth noting that all the 
countries exhibiting higher wages are those of Western Europe or Canada. While the data shows that 
countries with high speed rail do pay better than conventional rail countries, it would be useful to obtain 
data from additional Western European countries to determine what effect speed may have among these 
countries or whether the increased wage observed is due to the differences associated with more 
developed countries. 
Fig. 12. Average wage of employees 
5.7. Energy consumption 
Because the cost of energy varies across countries, the cost of energy would not clearly show how 
differences in speed affect the energy required. Therefore, the energy consumption in kilowatt-hours was 
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used as a metric. The energy consumption was given for each company. The data indicated the amount of 
each type of energy (electric and diesel) and how much of each was used for passenger rail rather than 
freight transport. In order to provide the total energy consumption including electric and diesel energy 
consumption, the diesel energy consumption was converted to electric energy consumption using the 
conversion factor of 12,668 kWh/ton diesel. It should be noted that this is only a typical conversion factor 
and would actual vary slightly depending on the technology and types of trains operating in various 
countries. It is generally considered widespread knowledge that operating trains at higher speeds requires 
more energy, which is what we expect to find. However, the load factor of high-speed trains in 
comparison with conventional trains may mean that this increased energy consumption is accounted for 
with the increased efficiency of trains.  
It is widely understood that operating trains at higher speeds generally requires more energy than 
would be needed to operate trains at lower speeds. However, it is possible that high speed trains operate 
with higher loads and more frequently than conventional trains do, enabling the high speed trains to 
benefit from this increased productivity of trains. Therefore, the increased energy consumption may be 
accounted for with the increased productivity leading to lower average energy consumption per 
passenger-kilometer than that of conventional rail. 
Fig. 13. Energy consumption per passenger-kilometer 
Fig. 14. Energy consumption vs. percent electrification 
As shown in Fig. 13, there is no significant increase in energy consumption per train-kilometer for the 
countries with high-speed rail as compared to the countries with only conventional rail, indicating that 
high speed trains do not consumer more energy on average than conventional trains. Hungary and 
Denmark again exhibit values for energy consumption that are significantly different from the others 
without obvious reason, leading to skepticism of data. As Fig. 14 shows, the energy consumption per 
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train-kilometer decreases as the percent electrification increases, indicating that electrification of rail lines 
is an important factor in reducing energy consumption due to the increased efficiency associated with 
electric energy rather than diesel energy. Since high-speed trains are generally electric rather than diesel, 
this efficiency of electric trains over diesel trains could contribute to the lack of increasing trend observed 
in Fig. 13.  
5.8. Operating and maintenance cost 
Using the data presented in some stylized facts about HSR, the breakdown of operating and 
maintenance cost of several specific train types in four European countries (Belgium, Spain, France, and 
Italy) was collected. By weighting the operating and maintenance cost by the seat-kilometers each train 
type travels in the different countries, an average operating and maintenance cost for each of the four 
countries was calculated. This cost was then used with a list of maximum operating speeds observed on 
selected non-stop trip segments in each of the four countries. Therefore, the relationship between the 
operating and maintenance costs and speed was plotted, as shown in Fig. 15. As the figure shows, the 
average operating and maintenance costs appeared to decrease as the speed increased for these trips in the 
four European countries, indicating economy of speed.   
Fig. 15. Operating and maintenance cost per seat-km plotted against speed on various non-stop segment  
5.9. Long run cost model 
We conducted this study in a highly aggregated fashion, trying to capture the impact of speed on a 
macroscopic level. As a result, the limited amount of data prevents us from calibrating any complicated 
model. However, the previous analysis provides the implication that while the major difference lies in 
between ‘HSR’ and ‘non-HSR’, there seems to be economy of speed in both cases. We tailored the long 
run cost model to reflect this impact and fortunately the estimated results also respond positively.   
It should be noted that calibrating a long run cost function by the operating information of operators 
around the globe implies uniformity of all socioeconomic and regulatory facts except for the information 
contained in the explanatory variables, which is certainly not true.  As has been discussed before, 
differences in labor rules and safety regulation lead to significant changes in operating situation and 
usually incur higher cost. Furthermore, the cost structure of the operator changes with the cooperation 
relationship between the rail operator and other suppliers (energy resource, technical support, etc), as well 
as the degree of subsidiary from the government; which further introduces variance on each component of 
the operating cost. Besides all these reasons, the fact that the data are collected, recorded and reported 
from all these different countries infers larger systematic error. Due to these barriers, we will consider 
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t-statistics greater than 1 to be significant.  
Table 1. Total operating cost estimation results 
 Estimation Standard Error t-stats 
V -0.5511 0.5364 -1.0274
Train-km 0.9291 0.0878 10.5783
wage 0.3060 0.1060 2.8862
HSR (Indicator) 0.2987 0.0864 3.4558
Total Operating Cost Model: Ci  E0  V
E1TrainKmE 2WageE 3 HSRDummy
E 4 .
Table 2. Total labor cost estimation results 
 Estimation Standard Error t-stats 
V -1.4267 0.6418 -2.2231
Train-km 1.0290 0.1192 8.6350
wage 0.3378 0.1383 2.4434
HSR (Indicator) 0.4576 0.1311 3.4909
Total Labor Cost Model: Ci  E0  V
E1 TrainKmE 2WageE 3 HSRDummy
E 4 .
In the estimation, we corrected for wage in order to account for the local currency and income 
differences. The estimate result suggests that while there is no significant economy of scale (train-km as 
output), and the introduction of HSR adds to operating and labor cost, there is economy of speed when 
HSR and non-HSR are considered separately.  
6. Conclusions and future work 
From the previous analysis, we conclude that, while a drastic increase in cost occurs in going from 
conventional to HSR, economies of speed exist in each of the speed ranges. In more detailed analysis, we 
observe that while average maintenance cost and energy consumption both increase with average 
operating speed, economy of speed exists in labor cost, which is also the element that eventually brings 
down the average operating cost. However, a similar gap between HSR and conventional rail as the one in 
average operating cost also exists in the case of labor cost, which further substantiatesthe proposition that 
skill levels and wage rates do increase with HSR, as does labor productivity. 
To conclude, the analysis shows that there is a nonlinear increase in average operating cost for as 
operating speeds cross the 200kph threshold. This distinction should be explained by the different 
operation structure of these two groups of operators. More importantly, this study shows that the 
improved efficiency from higher speed should be able to compensate for higher input cost requirement. 
This is to say, although from an engineering standpoint we expect higher speed to lead to cost, when 
operational efficiency is taken into account the marginal return overrides the marginal cost and the 
operator should be able to bring the cost further down by increasing speed. From a political point of view, 
it implies that when the government decides to introduce HSR, the optimal speed in terms of average cost 
would be the highest speed. However, the actual operating speed should also be based on demand 
analysis in order to balance the cost and revenue.   
The continuation of this study includes two perspectives. Firstly, our work provides some insight from 
a highly macroscopic point of view, and a framework for the discussion of the speed in HSR. There is still 
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quite some room left in the degree of details. A more detailed data analysis(hour to hour, seat to seat) 
would require abundant empirical work as well as technical and financial support. Secondly, the result 
should be complimented by a demand analysis of HSR with speed as an exogenous variable, providing 
better evidence for the optimal speed in HSR operation and management.  
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Appendix A: Country Code 
Country Code Country Code 
Belgium BE Czech Republic CZ 
Netherland NL Morocco MA 
France FR Croatia HR 
Japan JP Poland PL 
Germany DE Spain ES 
Cameroon CM Korea, Republic of KR 
Bosnia BA Bulgaria BG 
Turkey TR Canada CA 
Slovakia SK Denmark DK 
Finland FI Greece GR 
Latvia LV Kazakhstan KZ 
Slovenia SI Vietnam VN 
Hungary HU Romania RO 
Portugal PT Switzerland CH 
